The recently discovered insect order Mantophasmatodea currently comprises 19 Southern African species. These mainly occur in allopatry, have high levels of color polymorphism and communicate via species-and gender-specific vibratory signals. High levels of interspecific morphological conservatism mean that cryptic species are likely to be uncovered. These aspects of Mantophasmatodean biology make them an ideal group in which to investigate population divergence due to habitat-specific adaptation, sexual selection, and potentially sensory speciation. Lack of appropriate genetic markers has thus far rendered such studies unfeasible. To address this need, the first microsatellite loci for this order were developed. Fifty polymorphic loci were designed specifically for Karoophasma biedouwense (Austrophasmatidae), out of which 23 were labeled and tested for amplification across the order using 2-3 individuals from 10 species, representing all 4 currently known families. A Bayesian mitochondrially encoded cytochrome c oxidase I (COI) topology was reconstructed and divergence dates within the order were estimated for the first time. Amplification success and levels of polymorphism were compared with genetic divergence and time since divergence. In agreement with studies on vertebrate taxa, both amplification and variability were negatively correlated with distance (temporal and genetic). The high number of informative loci will offer sufficient resolution for both broad level population genetic analysis and individual based pedigree or parentage analyses for most species in Austrophasmatidae, with at least some loci available for the other families. This resource will facilitate research into the evolutionary biology of this understudied but fascinating group.
. For these wingless carnivores, dispersal abilities are limited and occurrence in allopatry is the norm; each occupies restricted areas within semi-arid landscapes. Striking color polymorphisms are known in many of the species, potentially related to divergent selection for crypsis as has been reported for walking-stick insects (Nosil et al. 2002) . Males and females communicate by tapping their abdomens on a substrate; a signal which is detected by sensitive scolopidial organs in the legs of the receiver (Eberhard et al. 2010) . These percussive signals are species-specific and may play a role in mate choice aside from their presumed role in species recognition and mate location (Eberhard and Picker 2008; Eberhard and Eberhard 2013) . Thus Mantophasmatodea would make an excellent group to study adaptive divergence in call and color traits and potentially also sensory driven speciation if color polymorphisms would influence mating behavior (Nosil and Harmon 2009) .
To date, there are no population genetic resources for the order aside from mtDNA datasets (Klass et al. 2003; Cameron et al. 2006; Damgaard et al. 2008 ). Here we describe 23 novel microsatellite loci developed specifically for Karoophasma biedouwense (Austrophasmatidae) and demonstrate the utility of these loci across the order covering all family-level groupings. These new markers will be an invaluable genetic resource to study population divergence and recent speciation within this group, for example, by differentiating neutral versus selective forces for evolutionary change and quantifying rates of assortative mating and levels of gene flow. They could also aid in cryptic species discovery to better delimit species boundaries in an order whose true levels of species richness are not yet established.
Materials and Methods

DNA Extraction and Primer Design
Whole genomic DNA was extracted from 2 legs from each of 24 K. biedouwense from the Western Cape, South Africa using a saltchloroform extraction or 5 Prime DNA extraction kit (Hamburg, Germany). Twelve males and 12 females were selected to represent, in roughly equal proportions, 5 sites up to 40 km distant from one another in the Cederberg Mountains (Supplementary Table 1 ). The samples were prepared with the Nextera® DNA Sample Preparation Kit (Illumina) and paired-end sequenced with the NextSeq 500 using the NextSeq® 500/550 High Output Kit (300 cycles) following the manufacturer's instructions (Illumina, San Diego, CA). The SSR pipeline v. 0.951 (Miller et al. 2013 ) was used to remove low quality sequences identified by the Illumina CASSAVA software, to join reads and to select only those reads containing microsatellite repeats. Reads were joined with a minimum overlap 10 bp, mismatch ratio threshold 0.25 and maximum overlap 280 bp. Microsatellite search conditions were: flanking regions of at least 40 bp for all repeat types, dinucleotides with a minimum of 7 repeats, trinucleotides with a minimum of 6 repeats, and tetranucleotides with a minimum of 5 repeats. This resulted in 189 819 dinucleotide, 130 232 trinucleotide, and 153 940 tetranucleotide containing sequences from which to select variable loci. Homologous regions were aligned to confirm variability among the 24 individuals sequenced and forward and reverse primers were designed using Primer3web v. 4.0.0 (Koressaar and Remm 2007; Untergasser et al. 2012 ) using default parameters except for product size range which was adjusted to find products of a targeted final size. Fifty unlabelled oligonucleotides synthesised by Macrogen Inc. (Seoul, Korea) were tested for specificity, amplification success and to estimate size ranges on a geographically representative subset of samples for K. biedouwense (Supplementary  Table 2 ).
PCR Amplification and Genotyping
Singleplex PCR reactions consisted of 1 µL DNA (10-15 ng), 1× Qiagen Type-it Microsatellite PCR Kit master mix, 0.2 µM of each primer and a total reaction volume of 5 µL. Amplification conditions were: 95 °C for 5 min, 30 cycles of 95 °C for 30 s, 56 °C for 90 s, 72 °C for 30 s, with a final extension of 60 °C for 30 min. PCRs were carried out on an Applied Biosystems Veriti thermal cycler (Applied Biosystems, CA). For 23 loci which produced a single clear PCR product, showed length variability and could be easily multiplexed considering the size of the fragment, the forward primer was reordered with a fluorescent dye (6-FAM, Yakima Yellow, Atto-550, Atto-565; Metabion, Germany). Three multiplex PCRs were conducted using the same thermocycler conditions but with modified primer concentrations (see Table 1 ). PCR products were run on an ABI 3130xl Genetic Analyser and sized with an internal lane standard (ABI LIZ 600) and the software Genemapper v. 5 (Applied Biosystems). Two sampling localities were used to conduct routine tests of the characteristics of the loci: Biedouw Valley (the type locality for the species) n = 32 and Clanwilliam ~40 km distant, n = 51; both in the Western Cape province. The dataset was checked for possible scoring errors and null alleles using Microchecker v. 2.2.3 (Van Oosterhout et al. 2004) , whilst the frequency of null alleles was estimated using Genepop v. 4.6.9 (Rousset 2008) . Linkage and departures from Hardy-Weinberg Equilibrium were assessed using fstat v. 2.9.3.2 (Goudet 2001) . The neutrality of the loci was confirmed using the stepwise mutation model in Lositan v. 1.0.0 (Beaumont and Nichols 1996; Antao et al. 2008) .
Genetic Diversity and Cross-Species Amplification
Standard measures of molecular diversity were calculated in Fstat and Arlequin v. 3.5.2.2 (Excoffier and Lischer 2010). The power of the loci to uncover population structure or identify individuals in parentage analysis was assessed by calculating the probability of identity if unrelated individuals (P ID ) or siblings were sampled (P IDSibs ) using Genecap v.1.2.2 (Wilberg and Dreher 2004 ).
All loci were tested for cross-species amplification within the order Mantophasmatodea on 10 species covering all families Mantophasmatidae, Austrophasmatidae, Tanzaniophasmatidae, and "inquirendo" (Klass et al. 2002 (Klass et al. , 2003 . Each species was represented by 2 or 3 individuals. As microsatellite loci are expected to have differing size ranges between species, the loci were split into 6 multiplex reactions each containing a maximum of 4 loci of different dyes, or in one case 5 loci which had 2 green markers with a size difference of ~100 bp in the focal taxon.
The ability of loci to cross amplify is expected to decrease with increasing genetic distance (Jan et al. 2012 ). This was assessed in the current study using the mitochondrially encoded cytochrome c oxidase I (COI) dataset of Damgaard et al. (2008) and an insect mtDNA divergence rate of 3.54% My −1 (Papadopoulou et al. 2010) . The dataset was analysed in Beast v. 1.8.4 (Heled and Drummond 2010) using 3 independent chains of 10 million generations each, sampled every 1000 generations, with Yule speciation and a strict clock as tree priors. The clocklike nature of the dataset was assessed during preliminary analyses using the uncorrelated relaxed clock (lognormal) and examination of the ucld.stev and coefficient of variation values (which were 0.156 and 0.153, respectively). The GTR + I + G model of sequence evolution (Guindon and Gascuel 2003; Darriba et al. 2012 ). The dataset was partitioned based on codon position (1,2)3 with unlinked base frequencies and substitution rate parameters across codon positions. Representatives from the closely related orders Euphasmatodea, Mantodea, Phasmatodea, Grylloblattodea, Hemiptera, and Orthoptera were used as outgroups to root the tree. Convergence was confirmed in Tracer v. 1.6 (Rambaut et al. 2013 ). The first 10% of each run was removed prior to runs being combined in LogCombiner v 1.8.4. A maximum clade credibility topology was generated in TreeAnnotator v. 1.8.4, before visualisation using FigTree v. 1.4.3. Genetic divergence between species was estimated in Mega v. 7.0.21 (Kumar et al. 2016 ) using the Maximum Composite Likelihood model (Tamura et al. 2004 ) and 500 bootstrap replicates. Correlations (Pearson's product-moment correlation) between sequence divergence/divergence time and amplification success/levels of polymorphism were tested in R v. 3.3.3 (R core team 2017).
Results
The locus KB_1 produced ambiguous peak morphology for K. biedouwense but clear and easily scorable peaks for other species of Austrophasmatidae, e.g. K. botterkloofense, Hemilobophasma montaguense, Lobatophasma redelinghuysense, and Austrophasma gansbaaiense.
Following the exclusion of locus KB_1, all other loci were successfully genotyped for all individuals. No loci were found to be under balancing or positive selection. There was no evidence for any loci having scoring errors or allelic dropout. Five loci had high frequencies of null alleles and deviated from Hardy-Weinberg equilibrium (Table 1 ). There was no support for linkage between loci. Diversity measures varied greatly amongst loci (0.04-0.95, H e ) and between the 2 sampling localities. Overall, the marker set contains sufficient polymorphic loci for both population genetic and pedigree analysis (see P ID scores, Table 1 ).
Amplification across the order Mantophasmatodea was most successful in Austrophasmatidae (36-65%) with only marginal success in the 3 more distant families (13-28%; Figure 1 , Supplementary Tables 3 and 4). Within Austrophasmatidae cross-amplification was most successful in K. botterkloofense (sister taxon to K. biedouwense) with 15 loci, and least successful in Namaquaphasma ookiepense with 7 loci.
There was substantial variation in the ability of loci to crossamplify (Supplementary Table 3 ). Amplification success decreased with both genetic distance (P = 0.004, r = −0.852) and time since the most recent common ancestor (P = 0.002, r = −0.882; Figure 1A and B). There was also a decrease in polymorphism amongst amplifiable loci with increasing sequence divergence or time, though these relationships were not statistically significant (P = 0.208, r = −0.464; P = 0.068, r = −0.631 respectively; Figure 1C and D). The dated Bayesian topology for Mantophasmatodea indicates a very recent and rapid radiation in Austrophasmatidae starting ~12MYA and that the time to most recent common ancestor (TMRCA) for extant Mantophasmatodea is 22 MYA (CI 18.1-26.85; Figure 2) , though the estimated dates should be considered only very approximate.
Discussion
Twenty-three polymorphic loci designed for K. biedouwense with good cross-amplification potential in Mantophasmatodea are characterized (Table 1) . A subset of these loci has high utility for species Overall Table 1 .
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in Austrophasmatidae particularly, which is by far the most speciose family (Supplementary Tables 2 and 3 ) based on currently described taxa. Thus most species of Mantophasmatodea now have population genetic loci available for a wide range of investigations. Amplification success strongly decreased with increasing sequence divergence or with time from a shared common ancestor (Figure 1 ). There was little amplification success for taxa which diverged ~20 MYA, possibly due to mutations at primer binding sites. Crossamplification was only tested with the PCR conditions for the focal taxon; increased cross-amplification success could be achieved by, for example, reducing annealing temperatures, or testing loci in singleplex reactions (Primmer et al. 2005; Dawson et al. 2010) . There was also a trend for a reduction in polymorphism among amplifiable loci with sequence divergence or time (Figure 1 ). These findings are in agreement with studies on vertebrate taxa (birds, fish, frogs and salamanders, alligators, cetaceans, bats; see Primmer et al. 2005 and references therein; Hendrix et al. 2010; Jan et al. 2012; Moodley et al. 2015) . A possible explanation for this trend was put forward by Küpper et al. (2008) who suggested that variation at many loci evolved recently and is therefore restricted to a group of closely related taxa. Ascertainment bias during the initial selection of regions from which to design primers compounds the issue by targeting only long repeat sequences to maximize the chances of obtaining polymorphic loci in the target species. If such long sequence arrays evolved only recently, they would be invariable in distantly related taxa. The shorter and seemingly less variable repeat regions are rarely used and thus do not appear in databases but could arguably be a useful source of polymorphic loci in other taxa (Küpper et al. 2008) . What could cause a repeat region to expand and become variable remains open to debate. As cross-amplification was only tested in 3 or sometimes 2 individuals per species which mainly originated from the same sampling site, some markers which appear to be monomorphic in the current study may be variable in other populations of the species in question. The key utility of finding a strong correlation between amplification success/polymorphism and distance is that when sequence divergence is known (based on mtDNA), the number of loci and their polymorphism can be predicted for the taxon in question without any time or expense spent in the lab.
The family Tanzaniophasmatidae was not included in the Damgaard et al. (2008) mitochondrial phylogeny and thus it was not possible to include this family in the comparisons needing sequence divergence or TMRCA data. Currently, the phylogenetic position of this family is unknown. However, our cross-amplification results (Supplementary Table 4 ) would suggest that this family will be found sister to Austrophasmatidae. Again, due to the correlation between amplification, polymorphism and genetic distance, we can use the known level of cross-amplification to predict the genetic divergence and placement of a taxonomic group phylogenetically.
Phylogenomic data place the divergence of Mantophasmatodea from Grylloblattodea at circa. 153 MYA (Misof et al. 2014) . Fossil mantophasmatodeans are reported from the Jurassic in China (Huang et al. 2008) and Northern Europe, the latter preserved in Eocene Baltic amber (e.g. Engel and Grimaldi 2004; Arillo and Engel 2006) . Extant Mantophasmatodea are apparently restricted to Southern Africa with a TMRCA at the end of the Oligocene (Figure 2 ), leaving 120 MY of unknown evolutionary history. The recent and rapid diversification evident in Austrophastmatidae (Figure 2 ) would correspond closely to the appearance and diversification of the succulent karoo biome (Verboom et al. 2009; Valente et al. 2014 ) with which they are highly associated, dependent upon the accuracy of the estimated divergence dates for Austrophasmatidae. The recent appearance of this biome is in turn associated with the establishment of the summer-arid/winter-rainfall conditions characteristic of the west coast of southern Africa today (Verboom et al. 2009 ). However, the dates of divergence estimated in the current study are based upon a fixed clock-rate and a single molecular marker (mtDNA) and had wide 95% HPD intervals and are not suitable for rigorous interpretation. The biogeographic history of the order would be best examined using multiple nuclear loci and a range of calibration points across the tree (Duchêne et al. 2014 (Duchêne et al. , 2016 .
Considering the rapid diversification in Austrophasmatidae particularly, the marked color polymorphisms, associations with specific karoo plants and species-specific vibratory communication signals, Mantophasmatodea are an excellent though currently neglected group within which to examine sensory speciation and adaptive divergence. With improved genetic resources for this order, such studies become increasingly feasible.
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